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CHAPTER I 
INTRODUCTION 
Cantharidin has known a variety of uses both thera-
peutic and malicious. As the active principle derived 
from dried blister beetles, cantharidin has been used in 
veterinary medicine as a blistering agent and counter-
irri tant. Its application externally causes an intense 
irritation of the skin resulting in blistering with slight 
penetration. Red Mercuric Iodide is sometimes combined 
with cantharidin to promote deeper penetration (Daykin, 
1960). As a counter-irritant, this compound has been used 
in cases of rheumatism, for aid in closing open joints and 
as a stimulant of hair growth in alopecia (Milks, 1949). 
Although cantharidin is at times used therapeutically, 
it also possesses tremendous toxic properties. Once 
widely uaed as an aphrodisiac, commonly termed Spanish 
Fly, it is now used in this manner only by the uninformed. 
Its administration internally results in no increase in 
sexual desire although engorgement of erectile tissue may 
occur in both males and females (Daykin, 1960). 
Cantharidin is present in the striped blister beetles 
of the family Meloidae. These beetles of the genus 
Epicauta are known to cause severe toxic problems in 
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horses that have ingested them along with their hay 
(Panciera, 1972). A colic type syndrome develops in the 
affected animal which often progresses through a fatal 
course. Diagnosis at the present time is based primarily 
on finding evidence of the ingested beetle in the stomach 
on post mortem exam or by finding the actual blister 
beetles in the animalJs hay. 
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A total of 66 species and subspecies of blister 
beetles are known to exist in Oklahoma (Arnold, 1964). 
These insects are common and severe pests that feed upon a 
variety of plants. Potatoes, tomatoes, beets, ironweed 
and legumes are among the more common plants affected 
(Edwards, 1949). It i~ the legumes that are responsible 
for the problem seen in veterinary medicine. The blister 
beetles often feed in great hordes, overrunning vast acre-
ages (Gilbertson and Horsfall, 1940). Modern methods of 
cutting and baling alfalfa results in blocks or bales of 
hay that may contain large numbers of beetles. Animals 
that later consume this hay are able to ingest fatal 
levels of cantharidin. 
Although the first case of cantharidin poisoning in 
the United States was reported in 1963, a method to diag-
nose the problem antemortem without the actual identifi-
cation of blister beetles in hay has not been developed. 
Without a definite diagnosis, treatment is often purely 
symptomatic. It is then the purpose of this research ,to 
identify physiological, biochemical and histopathological 
alterations occuring in a rabbit model of cantharidin 
toxicity. By developing an animal model, it is possible 
that a greater insight into the pathogenesis of the prob-
lem could be found leading to more accurate diagnosis and 
treatment of such cases. 
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CHAPTER II 
LITERATURE REVIEW 
Physio-chemical Properties 
of Cantharidin 
Cantharidin is an anhydride of canthardic acid which 
is crystalline in nature and forms soluble salts with 
alkalies (Milks, 1949). This compound is colorless and 
odorless causing intense irritation and rubefacient action 
when dilute and blistering when stronger (Daykin, 
1971). This vesicant is soluble. in acetone, chloro-
form, ether, ethyl acetate and oils (Swinyard, 1970). 
Cantharidin is absorbed through the skin and gastrointes-
tinal tract and excreted almost exclusively via the kid-
neys (Stecker et al., 1960). 
Equin~ Poisonings 
Cantharidin poisoning in the equine can be illus-
trated by several case reports. The first documented case 
of cantharidin poisoning was reported in 1963 by Moore. 
This instance involved an eight-year-old mare with a 
history of ingesting ground alfalfa hay containing blister 
beetles identified as Epicuata vittata. The animal devel-
4 
5 
oped an elevated temperature, rapid respirations and pulse 
along with congested cyanotic mucus membranes. She 
exhibited muscle rigidity and soon became unconscious. 
After regaining consciousness the mare voided large 
volumes of urine, was polydipsic and had developed ulcers 
of the cheeks, tongue and gums. Bloody.mucus was present 
in the feces. The muscular rigidity was still present and 
treated with intravenous calcium. The horse recovered in 
two weeks. 
Lee (1968) reported the- acute death of both a horse 
and a .mule following the· ingestion of dead blister beetles 
in their-reed. Each animal exhibited intense abdominal 
pain and an increase in hematocrit to 60 per cent prior to 
death. The horse passed a thin bloody fluid rectally and 
developed an elevated temperature. Necropsy showed a 
perforated stomach and fluid filled intestines. The mule 
died with similar symptoms. Dead blister beetles found in 
the animals' hay were ground and administered to a Shet-
land pony. The pony was given a total of 1.4 grams of the 
• I 
ground beetles over a two-day period. He subsequently 
died and was necropsied. The results of the post mortem 
included red, hemorrhagic and edematous ureters and blad-
der along with a reddened gastric mucosa. Sloughing of 
the duodenal mucosa and blood tinged jejunal fluid were 
also observed. 
A group of 21 naturally occurring cases of canthar-
idin poisonings was compiled by Schoeb (1977). The clin-
!cal a1Rno most frequently observed in this retrospectiv~ 
study were abdominal pain, increased heart rate and res-
pirations, congested mucous membranes and a slowed capil-
lary refill time. Occasionally sweating, soft stools or 
decreased intestinal motility were noted. In fatal cases 
muscle spasms were often observed and the course of the 
disease was frequently two days in length or less. Fre-
quent urination and urinary tract abnormalities such as 
hematuria were seen more commonly in animals affected for 
two days or more. Milder but similar clinical signs were 
observed in non-fatal cases. Frequent urination was a 
more common observation in the non-fatal cases than was 
abdominal pain. 
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Laboratory data compiled from this group included an 
increase in packed cell volume up to 59 per cent and an 
increase in serum protein content. The majority of cases 
had elevated white cell counts up to 17,000/mm3. Band 
cell and monocyte numbers were also elevated in some 
cases. All white blood cell counts returned to normal 
when the animal recover.ed. Blood urea nitrogen levels 
were increased up to 50 mg/dl especially during the early 
phase of the illness. Serum potassium, sodium and chlor-
ide were not significantly affected but calcium levels 
dropped in four of six horses monitored. The hypocal-
cemia was most pronounced on the first two days of illness 
and returned to normal in three to four days. All horses 
developed increased serum glucose levels in the early 
stage of the disease. 
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Urinalysis was performed on several of the affected 
horses. The urine specific gravity was usually low 
whether or not the animals had been given intravenous 
fluids. Epithelial cells and red blood cells were seen in 
five of the cases. There was no evidence of casts in any 
of the monitored animals. A mild proteinuria was observed 
in one case. 
Gross pathological studies of the fatal cases were 
also obtained. The esophagus was normal in the majority 
of cases but several animals exhibited evidence of mucosal 
detachment. The stomachs and intestines of most cases 
were reddened and some developed a pseudomembranous 
inflammation. Submucosal edema and fibrin strands were 
evident in many of the intestinal tracts. Although no 
lesions of the cecum were noted, the large intestine in 
over half the cases contained abnormally watery contents. 
Mucosal hyperemia in this area was also observed. 
In horses living at least five days, kidneys were 
slightly enlarged, pale and some had single or multiple 
infarcts. Renal pelvises often contained an increased 
amount of mucus. Ureters were normal in some of the 
animals and petechiated in others. All animals necropsied 
showed abnormalities of the bladder. The lesions 
described ranged from hyperemia to hemrnorhagic. Myocar-
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dial damage was observed in five horses. The internal and 
external surfaces of the ventricles were most commonly 
affected. Earlier lesions were observed in an acutely 
ill animal that died within seven hours of onset of clin-
ical signs. 
Microscopic lesions were also presented in this 
study. More common and significant lesions described 
included necrosis and separation of esophageal epithelium 
and vascular engorgement of the gastric mucosa. Intes-
tinal lesions were mostly confined to the villous tips 
where necrosis was observed. In some cases lamina pro-
pria and submucosa were also involved. In the kidney 
degenerative changes of the tubules were observed although 
no necrosis was evident. More commonly the collecting 
ducts were more severely affected. Lesions in all kidneys 
were mild with the exception of one dase. Denuded epithe-
lium, hemmorhagic areas and acute inflammation were common 
observations in the bladder. Focal and some diffuse areas 
of myocardial necrosis was observed in all animals except 
the most acute death. Edema of the muscle fibers along 
with some mineralization was observed. Lung tissue from 
seven horses were edematous and hyperemic. 
Human Poisonings 
Cases of human toxicity attributed to cantharidin are 
often the result of the erroneous idea that the chemical 
has aphrodisiac properties. Although the majority of 
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reports are due to this misuse, a number of cases have 
been attributed to the ingestion of blister beetles by 
young children. In one such case reported by Wertelecki 
et al. (1967), a 10-month-old child ingested a blister 
beetle and then shortly after vomited the insect along 
with a volume of blood. Blood and clots of blood· appeared 
in the child's urine. Urinalysis revealed hematuria, 
glucosuria, 3+ protein and a specific gravity of 1.010. 
The child also developed polyuria and hemoconcentration. 
An elevated white cell count .of 30,302/mm3 was present 
early in the course but dropp~d to 10,447 by the seventh 
day after clinical signs first appeared. The child made 
an uneventful recovery. 
Toxicity in such cases can be local or systemic in 
nature as illustrated by the Wertlecki case and two others 
reported by Oaks et al. (1960). Vesication of mucous 
membranes and epithelial surfaces was noted in two of the 
cases along with hemorrhage and ulceration of mucosa. 
Other tissue alterations reported were degeneration of 
proximal and distal renal tubules, subendocardial hemor-
rhages, and liver cell damage. Common to all three cases 
were the classical signs of hematuria, proteinuria, 
increased packed cell volume and decreased serum calcium. 
The two cases reported by Oaks involved a 45-year-old 
woman and a 17-year-old boy. Each had ingested canthar-
idin in a cocktail. Acid-base studies on the woman indi-
cated the presence of acidosis which was treated with 
sodium lactate. Both patients required tranquilizatioh 
nnd the woman also received diphenylhydantoin for treat-
ment or convulsions. 
Experimental Studies 
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Bagatell et al. (1969) has reported one of the few 
experimental studies of cantharidin effects. In this 
experiment 10 mg of the drug was administered to albino 
rats intraperitoneally. Tissue sections for histologic 
examination were taken at 10 minute intervals. Damage to 
epithelial cells of the esophagus, stomach, small and 
large intestines, bladder and ureters was observed. Dam-
aee to these cells included cytolysis, separation of cells 
and disruption of cell structures. 
In the kidney early samples exhibited glomerular 
congestion, and capillary engorgement. The damage pro-
gressed to vacuolation of distal tubule cells and cyto-
ysis of tubular epithelial cells. Damage in the liver 
consisted of loss of cellular detail, massive hyperemia, 
extensive cytolysis and cytoplasmic clumping. 
Tissue sections were also studies with the electron 
microscope. At this level there was extensive disruption 
of cell membranes and the nuclear envelope. Also evident 
was lysis of vessels and tubules of the endoplasmic retic-
ulum. Mitochondrial swelling followed by shrinkage was 
observed. 
In a study by Schoeb and Panciera (197B), five horses 
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were experimentally poisoned with ground blister beetles. 
The dosage varied from three to six grams of the ground 
beetles. The actual cantharidin content of blister 
beetles is somewhat variable (Carrel and Eisner, 1974) but 
is in the range of 0.6 per cent to five per cent of body 
weight (Wertlecki et al., 1967). 
Of the five horses experimentally poisoned, four 
died. All five animals showed signs of abdominal pain and 
depression. Some animals exhibited frequent urination or 
erections. The course of illness ranged from four hours 
to six days with the sole survivor exhibiting clinical 
signs a total of four days. 
With the exception of the horse that died in fou~ 
hours, blood samples were taken before administering the 
drug and then again one day after. All four horses had 
an increase in packed cell volume, some as much as 18 per 
cent. Three of the four developed a leukocytosis with an 
increase in nonsegmented neutrophils, a neutrophilia and a 
lymphopenia. Blood urea nitrogen levels were elevated as 
was the serum glutamic oxalic transaminase. Calcium 
levels dropped appreciabl~ in all cases. Post mortem 
examination of the four horses showed lesions very similar 
to those described in the natural disease. 
CHAPTER III 
MATERIALS AND METHODS 
Animal Aquisition and Care 
White laboratory rabbits between two and four kg of 
either sex were obtained from one distributor. The rab-
bits were housed in the temperature-controled quarters of 
the Department of Physiological Sciences. Normal labora-
tory chow was provided along with water ad libitum. 
Surgical Technique Including Anesthesia 
Sodium pentobarbital was given at a dosage of 30 
mg/k~ via the ear vein in order to induce anesthesia. The 
animals were then maintained in a surgical plane of anes-
thesia by administering additional doses of pentobarbital 
to effect. Certain animals were induced by an ether drip 
when attempts to utilize the ear vein failed. This pro-
cedure was undesirable in that the ether produced an 
excessive amount of salivation and was discontinued. 
Once anesthesized, the animals were placed in dorsal 
recumbancy and the fur clipped from the rami of the man-
dible caudal approximately six centimeters. An incision 
one-and one-half centimeters in length was made over the 
12 
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trachea caudal to the larynx. Ventral neck muscles were 
then bluntly dissected in order to isolate the left caro-
tid artery. Three silk ligatures were placed around the 
carotid being careful to avoid ligation or excessive 
manipulation of the vagus nerve. The most cranial lig-
ature was tied permanently in order to occlude the carotid 
and prevent any backflow of blood. The central and caudal 
ligatures were used to temporarily inhibit blood flow 
through the carotid until PE 160 tubing could be inserted 
into a nick in the artery. The tubing was then threaded 
into the left ventricle. Once in the ventricle the liga-
tures were secured around the carotid and tubing insuring 
that no hemorrhage would occur. The indwelling catheter 
was then sutured to the animal's neck and the skin inci~ 
sion closed. 
Attempts were made in the earlier experimental 
studies to place a urethral catheter just inside the urin-
ary bladder. This was accomplished but due to the lack of 
suitable method of preventing the animal from removing the 
catheter this procedure was eliminated and the analysis of 
urine electrolytes omitted from the study. 
Protocol for the Acute Study 
Animals were allowed 24 hours to recover from the 
surgery before being used in the experiment. Each animal 
was Placed in a rabbit restraint box and the indwelling 
catheter attached to the physiograph for measurement of 
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left ventricular pressure. Electrocardiogram recordings 
were made using the limb lead II configuration. Electro-
des (25 gauge needles) were placed under the skin of all 
four limbs. Heart rate was also monitored using the 
NARCO® Physiograph. Recordings from the physiograph were 
made at 15-minute intervals until the conclusion of the 
experiment. 
The animals were allowed one hour of time to accom-
modate to the restraint box. prior to administering the 
cantharidin. During this time recordings of the left ven-
tricular pressure, heart rate and electrocardiogram 
tracings were made at the specified 15-minute intervals. 
One milliliter of heparinized blood was removed anaero-
bically from the catheter at 30-minu~e intervals and used 
for determination of packed cell volume, plasma electro-
lytes and hemoglobin analysis. The catheter was flushed 
with normal saline following collection of the sample to 
help prevent clot formations. Samples taken during this 
period were used as controls for the data accumulated 
during the rest of the study. 
At the conclusion of the one hour control period, the 
animals were administered cantharidin dissolved in five 
milliliters of saline and three milliliters of propylene 
glycol. Tubing was passed into the stomach through a 
plastic speculum and used to administer the drug. The 
tube and solution container were flushed using a small 
volume of saline. The dose was calculated based on the 
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LD 50 for cantharidin given in the Merck Index. For rab-
bits, the Ln50 is listed as 100 mg/kg of drug given by 
the subcutaneous route (Stecker, 1960). The first rabbit 
was given 40 mg/kg and died due to the effects of the 
cantharidin in 40 minutes. Since the intent of the study 
was to collect data from each rabbit over a period of 
several hours, the dose was decreased on each successive 
animal until an acceptable time span was reached. A dos-
age of 10 mg/kg resulted in death of the rabbit in approx-
imately six hours. This dosage was then administered to 
succeeding animals. 
Following the death of each animal a post mortem 
examination was performed and tissue samples from 10 
organs were removed. The tissue samples were taken from 
the liver, lung, muscle, esophagus, spleen, kidney, heart, 
intestine, stomach and bladder. Stomach and bladder 
tissues were flushed with distilled water in order to 
decrease contamination with urine and gastric contents. 
Two sections of each organ were obtained. One section of 
each organ was placed in 10 per cent buffered formalin as 
a fixative for later histologic study. The second section 
of each tissue was weighed, dried 24 hours, and reweighed. 
The weights were then used to calculate the water content 
of that tissue. The dried tissue was then prepared for 
determination of its calcium content. This procedure will 
be described in detail under a later section. All animals 
not given cantharidin were treated similarly and used as 
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controls. 
Recordings from the physiograph were compiled for 
each rabbit and used to determine the changes in left ven-
tricular pressure, electrocardiogram and heart rate. The 
heparinized blood samples were first utilized to determine 
the packed cell volume and hemoglobin content. The blood 
was then centrifuged and the plasma separated and stored 
in the refrigerator for later electrolyte determination. 
Hematocrit and Hemoglobin Determination 
Packed cell volumes of each blood sample were deter-
mined by the microhematocrit method. After the sample was 
agitated to insure adequate mixing, two heparinized cap-
illary tubes were filled with the whole blood. The tubes 
were placed in a centrifuge in order to separate the red 
cells from the plasma. The hematocrits were then read 
from an appropriate scale and recorded for each time 
period. Hemoglobin content of the whole blood was deter-
mined by the acid hematin method. 
Plasma Electrolyte Analysis 
Determination of plasma calcium, sodium and potassium 
values were made using the Perkin-Elmer Atomic Absorption 
Spectrometer. For plasma calcium analysis standard solu-
tions of two, five, eight and 10 ug/ml calcium were pre-
pared using calcium stock solution, La2o3 , and distilled 
water. The spectrometer was set to the appropriate wave-
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length for calcium and readings made of each of the stan-
dard solutions. Once these readings stabilized six read-
ings were recorded for each solution and averaged. The 
means of the four standard solutions were used to plot the 
standard curve for that day's calcium analysis. 
Plasma samples were then diluted by adding 0.2 ml 
La2o3 to 0.1 ml plasma and adding distilled water to bring 
the volume to 2 ml. The diluted samples were then run 
through the spectrometer and the absorbance recorded. The 
plasma, calcium in ug/ml values could then be obtained by 
finding the absorbance on the standard curve. By multi-
plying the resultant calcium value by the dilution factor, 
in this case 20, and dividing by the number or micromo.les 
of calcium per microgram the total calcium. content in 
millimoles was calculated. 
Sodium and potassium values were determined in much 
the same manner. The standard solutions for these elec-
trolytes were prepared in concentrations of one, two, 
three and four ug/ml. The dilution factors for sodium and 
potassium were 2,000 and 100 respectively. New standard 
solutions and standard curves were prepared prior to each 
day's use. A sample of normal dog plasma was appropriat-
ely diluted and run in the analysis along with the exper-
imental samples. This served as a check on the 
functioning of the spectrometer. 
Tissue Calcium Analysis 
The dried and weighed tissue sections were prepared 
for spectrometeric analysis of calcium content according 
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to the method of Mayer and Kowalczyk (1972). In this pro-
cedure the tissue samples were placed in polypropylene 
test tubes and crushed with a glass rod. Ten ml of 0.5 N 
nitric acid was added to each sample, the tube covered 
tightly and placed on an agitating tray at room tempera-
ture. At the end of 24 hours the samples were then placed 
in the refrigerator until diluted and analyzed. 
One ml of La 2o3 was added to four ml of each nitric 
digest and this solution used to ~etermine calcium 
content as described under plasma electrolytes. It should 
be noted that the tissues from the first five rabbits were 
prepared by ashing rather than nitric digestion. The ash-
ing, however, is thought to result in an abnormally high 
value due to absorption of calcium ions from the crucibles 
used in this process. These samples were thus discarded 
and are not listed in the tabulated results. Tissues from 
all other experimental animals were analyzed for calcium 
ions whether or not they were treated with the cantharidin. 
The animals not treated thus serve as controls for the 
treated animals. 
Histologic Studies 
Tissue samples were placed in a beaker of 10 per cent 
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neutral bufrered formalin for fixatio~ and then changed to 
a fresh rormal1n solution after several days. Prior to 
imbedding and sectioning, the tissues were rinsed in dis-
tilled water. The samples were then placed in an auto-
matic processor and imbedded in wax. Eight to 10 angstrom 
I 
sections of each tissue were then made and routinely pre-
pared. An overview of liver, kidney, ureter, stomach, 
bladder and intestinal sections at the light microscopic 
level was prepared. 
Physiograph Data 
As described under the protocol for the acute study, 
left ventricular pressure, heart rate and electrocardio-
gram tracings were recorded for each animal. These trac-
ings were first recorded during the one hour acclimation 
period and continued at 15-minute intervals throughout the 
experiment. Thus the tracings made prior to drug admin-
istration serve as control values for the animal after 
treatment. 
In order to better analyze the data, each tracing was 
made with the paper pulled rapidly by hand through the 
physiograph at a near constant speed. This procedure 
helped to spread the tracings over a longer paper area 
thus facilitating more accurate interpretation of electro-
cardiogram changes and aiding in the measurement of pres-
sure differences. Each 15-minute tracing period was found 
and the eight central recordings used for analysis of 
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changes in left ventricular pressure and heart rate. The 
electrocardiogram was observed along its entire length. 
Protocol for the Acid-Base Study 
A total of six laboratory rabbits were used in this 
portion of the study. Each rabbit was anesthesized and 
prepared surgically as described under surgical technique 
section. These animals were also allowed 24 hours to 
recover and given a one-hour acclamation period in the 
restraint box prior to:drug administration. During this 
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period anerobic, heparinized samples of arterial blood 
were taken from the carotid catheter and stored in an ice 
water bath. The sampling was done at 30-minute intervals 
beginning with the acclamation period and continuing 
through the experiment. The samples taken during the two 
periods prior to drug administration served as controls 
for each individual rabbit. 
Each animal received a dose of cantharidin equal to 
20 mg/kg. As described previously, the animals were not 
disturbed except to withdraw the blood samples. Once the 
animals expired, a post mortem examination was performed 
immediately and tissue samples recovered as described in 
the acute protocol. 
Anaerobic blood samples were then placed in a 
Beckman pH-blood gas analyzer and the data recorded. From 
this study the Pco , Hco3, pH, and P0 of each sample, was 
2 2 
obtained. By observing the changes in these values the 
animal's physiologic state could be more accurately 
assessed. 
Statistical Analysis 
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All data presented in this study reflect the mean 
plus or minus one standard error unless otherwise indi-
cated. The programable Olivetti calculator was used to 
obtain means and standard errors. With the exception of 
the tissue calcium and water contents, results were eval-
uated by the paired Student's "t" test. "T" values giving 
P~ .05 were considered statistically significant. Non-
paired Student's "t" test was employed to evaluate tissue 
calcium and water content results. A programable Texas 
Instruments calculator was utilized to compare groups of 
unequal numbers and variance by standard formulae. 
CHAPTER IV 
RESULTS 
·Introduction 
A total of 25 rabbits were used in this study. From 
this group, 12 animals received no cantharidin nor any of 
the saline-propylene glycol vehicle used to administer the 
drup,. These control animals were of varying weights and 
of both sexes (Table I). The remaining 13 rabbits, also 
of a variety of weights and sexes, received cantharidin 
(Table II). For statistical purposes, treated rabbits 
were grouped together according to the dosage of canthar-
idin they received. Rabbits receiving dosages of five to 
10 mg/kg, 25 mg/kg and 40 mg/kg were used in the protocol 
measuring cardiovascular pressures. Six rabbits in the 20 
mg/kg group were used to evaluate the change in acid-base 
status during acute cantharidiasis. 
Appearance and Clinical Signs Observed 
in Cantharidin Treated Animals 
Certain clinical signs were noted in rabbits treated 
with cantharidin regardless of the dosage administered. 
However, the time span between the drug administration and 
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TABLE I 
SUMMARY OF SIGNALMENT OF CONTROL RABBITS 
Rabbit No. Date Sex Bod:£ Wt. (kg) 
Rl 6/ 7/77 M 2.89 
R2 6/10/77 M 2.71 
R3 6/13/77 M 3.03 
R4 6/16/77 M 2.96 
R5 6/20/77 M 2.74 
R6 6/23/77 F 3/18 
R . 
7 6/27/77 F 2.61 
R9 71 6/77 M 2.47 
Rl2 7 /14/77 . M 2.70 
Rl4 7/22/77 M 2.70 
Rl6 7/30/77 M 3.20 
R17 7/31/77 M 3.00 
IU 
w 
TABLE II 
SUMMARY OF SIGNALMENT & TREATMENT OF CANTHARIDIN TREATED RABBITS 
Anesthetized 
Body Time During Part 
Rabbit Weight Dosage to Death or all of 
No. Date Sex (kg) (m~~kg) (minutes) Euthanized Experiment 
Rs 7/ 1/77 M 3.10 40 
Rio 7/11/77 M 2.69 40 90 
Rll 7/13/77 M 2.70 25 180 * 
R13 7/20/77 M 3.00 25 180 * * 
R15 7/27/77 M 2.81 10 180 * 
R18 8/ 9/77 M 3.30 10 210 
R19 8/11/77 F 2.80 5 345 
R20 5/25/78 M 3.01 20 . 60 
R21 5/30/78 F 3.10 20 180 
R22 6/14/78 F 2.45 20 120 
R23 6/20/78 M 2.76 20 150 * 
R24 6/21/78 M 2.70 20 120 
R25 6/22/78 F 2.80 20 180 I\.) J::" 
-
~ 
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onset of these signs seemed to vary with the dosage. The 
most common and notable of these signs included depres-
sion, an increase in the number of respirations per min-
ute, a transition to abdominal breathing, cyanosis, and an 
increase in capillary refill time. 
The progression of clinical signs took a similar 
course in all cases. The first change from the pre-treat-
ment state was the gradual onset of depression. This sign 
was exhibited by all treated animals and was usually first 
noted about midway between drug administration and death. 
Generally, the depression was progressive in nature 
and culminated in a coma-like state immediately preceeding 
death. This depression was not as marked in those rabbits 
receiving the largest dose of cantharidin. The two rab-
bits receiving 40 mg/kg exhibited a pronounced depression 
but not to the level of the other groups. Both rabbits in 
this group went through an excitatory phase seconds prior 
to death rather than slipping into the comatose state of 
' the other groups. These two animals began a series of 
thrashing movements similar to convulsions inside the 
restraint box. The duration of this activity was short, 
and invariable ended with death. 
Another clinical sign frequently observed was rapid 
respiration which became abdominal in nature as the exper-
iment progressed. These changes in respiratory rate and 
character often coincided with the development of depres-
sion. The rate of r~spiration increased progressively and 
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then leveled off to be maintained near that point through-
out the remainder of the study. This alteration of res-
piratory rate was observed in all treated animals except 
the one rabbit maintained under a general anesthetic dur-
ing the bulk of the experiment. This rabbit could not 
alter his respiratory pattern while under the effects of 
the anesthetic. 
Clinical signs observed in the more terminal stages 
of each experiment included cyanosis and an increased cap-
illary refill time. These, too, were observed in all 
treated rabbits. The cyanosis was very evident in the 
oral mucous membranes, eyes and the thin skin of the ears. 
The capillary refill times of approximately one second 
duration prior to treatment, increased to four seconds in 
the terminal stages. 
Hematocrit and Hemoglobin 
Packed cell volumes were recorded for all rabbits 
except those in the acid-base study. Although no statis-
tically significant difference was shown between the con-
trol values in each group and the values at 180 minutes, 
nor between the three treatment groups, a possible trend 
appeared to be developing (Figure 1). Group A (5-10 mg/ 
kg) had a nine per cent increase in packed cell volume at 
180 minutes post treatment. Groups B (25 mg/kg) and C (40 
mg/kg) had smaller per cent increases, but mean values did 
increase progressively. 
A 
41 
% 39 
37 
35 
c 30 0 90 1 0 150 180 
11 0 ..... 
B 
35 
% 
30 
25 
c 30 60 90 120 1.50 180 
51-
c 
45 
% 
39 
33 
c 30 60 90 120 150 180 
MINUTES 
Fi~ure 1. Time Related Changes in the Packed Cell 
Volume of Cantharidin Treated Animals. 
For control values taken from each rab-
bit three times (at 30 minute intervals) 
prior to treatment n=6-9 while there 
were 3 post-treatment samples in group 
A (5-10 mg/kg), For group B (25 mg/kg) 
n=2 while n=l-2 in group C (40 mg/kg) 
post-treatment. Values represent means 
± 1 S.E.M. 
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The hemoglobin content of each blood sample was de-
termined and mean values of each time period recorded for 
the different dose of cantharidin administered. As in the 
case of packed cell volumes, there was no statistical sig-
fificance between the control and post-treatment values. 
Here again a trend of increasing hemoglobin values may 
have been developing (Figure 2). 
Plasma Electrolytes 
Arterial blood samples were obtained from cantharidin 
treated rabbits at 30-minute intervals beginning one hour 
prior to drug administration. This sampling continued 
throughout the experiment until the rabbit died or was 
euthanized. These samples were analyzed and the concen-
trations of plasma calcium, sodium and potassium were 
determined for each animal. The mean of the values from 
the three pre-treatment samples ,served as the control 
value for each individual rabbit. Data from each treated 
rabbit was grouped according to the dosage of cantharidin 
received and the differences between the various dosage 
groups evaluated. Differences between control values and 
values obtained post-treatment were also evaluated. 
Plasma calcium concentrations exhibited no statis-
tical significance between the various dosage groups (Fig-
ure 3). Likewise there was no statistical significance 
between control values and post-treatment values on an 
intragroup basis. 
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Figure 2. Time Related Changes in Hemoglobin Content of 
Arterial Blood from Rabbits Treated with 
Cantharidin. For. control values taken from 
each rabbit three times (at 30 minute inter-
vals) prior to treatment n=6-9 while there 
were three post-treatment samples in group 
A (5-10 m~/k~). For group B (25 mg/kg) n=2 
while n=l-2 in r;roup C (40 mp;/kg) post-
treatment. Values re~resent mean± 1 S.E.M. 
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Fi~urc 3. Time Related Chun~es in Plasma Calcium Con-
centration in Cantharidin Treated Rabbits. 
For control values taken from each rabbit 
three times (at 30 minute intervals) 
prior to treatment n=6-9 while there were 
3 post-treatment samples in group A (5-10 
mg/kg). For ~roup B (25 mg/kg) n=2 
while n=l-2 for group C (40 mg/kg) post-
treatment. Values are means ± 1 S.E.M. 
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No statistically significant difference was observed 
in plasma sodium concentrations either between the dif-
ferent groups or within individual groups (Figure 4). 
Similarly, plasma potassium concentrations were not 
statistically different on an inter-or intragroup basis 
(Figure 5). 
Tissue Calcium 
All rabbits involved in the acute protocol and the 
acid-base experiment were necropsied and 10 different body 
tissues removed for calcium analysis. This was done in 
order to determine if any of these areas were sites of 
calcium deposition or sequestration. Tissues from control 
rabbits were also obtained and analyzed. The differences 
between the groups and the control animals were evaluated 
(Figures 6 and 7) by grouping the rabbits according to the 
dosage of cantharidin administered. 
Tissues in which a statistical difference in calcium 
concentration was observed were the heart, intestine, kid-
ney, bladder and stomach. The direction of change in·cal-
cium levels was often different among the dosage groups. 
Animals utilized in the acid-base protocol had signifi-
cantly lower calcium levels in the heart, kidney, intes-
tine and bladder. An increase in tissue calcium content 
was observed in the heart and intestine of the five to 10 
mg/kg, 25 mg/kg and the 40 mg/kg groups. The 40 mg/kg 
dosage group e·xhibited a 30 per cent increase. in calcium 
mM 
mM 
mM 
A 
130 
110 
90 
70 
'---P-----·+-----1----~t------t-----~1--~--~~-~ 
c 
135 
120 
105 
90 
c 
145 
130 
115 y 
100 
c 
30 60 
30 60 
30 60 
90 120 150 180 
B 
90 120 150 180 
c 
90 150 1 0 
MINUTES 
Figure lt. Time Related Changes in Plasma Sodium Con-
centration in Cantharidin Treated Rab-
bits. For control values taken from each 
rabbit three times (at 30 minute inter-
vals) prior to treatment n=6-9 while 
there were 3 post-treatment samples in 
group A (5-10 mg/kg). For group B (25 
mp;/ kg) n= 2 while n=l-2 for group C ( 4 0 '' 
m~/kg) post-treatment. Values are means 
± 1 S.E.M. 
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Figure 5. Time Related Changes in Plasma Potassium 
Concentration in Cantharidin Treated 
Rabbits. For control values taken 
from each rabbit three times (at 30 
minute intervals) prior to treatment 
n=6-9 while there were 3 post-treatment 
samples in group A (5-10 mg/kg). For 
eroup B (25 m~/k~) n=2 while n=l-2 for 
group C (40 m~/kg) post-treatment. Val-
ues represent means ± 1 S.E.M. 
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level in the kidney. In the 25 mg/kg group, however, the 
kidney calcium level declined by 30 per cent. Calcium 
levels in gastric tissue were statistically significant in 
only the five to 10 mg/kg group. The calcium content in 
this case declined by approximately 50 per cent. 
A second set of tissue samples were obtained from 
each animal. These tissues were used to determine the 
water content. There was no significant difference be-
tween the water content of tissues taken from the control 
rabbits ~nd those taken from the rabbits receiving 20 mg/ 
kg or cantharidin (Table III). This would indicate that 
little change occurred in the distribution of body water 
at this acute stage. 
Post Mortem and Histopathology 
Each rabbit treated with cantharidin was necropsied 
at the conclusion of the study. Tissues from various 
or~ans and structures were placed in phosphate-buffered 
formalin for later histologic examination. Sections were 
taken from areas of gross pathological lesions as well as 
more normal appearing structures. 
In all cantharidin treated rabbits, gross lesions 
were observed in the gastrointestinal tract. The stomachs 
of all these animals were altered in color from a red to a 
near-purple blue. The stomach lesions covered broad pat-
ches and were most frequently found along the greater 
curvature and in the pyloric region. In no case was the 
TABLE III 
COMPARISON OF TISSUE WATER IN CANTHARIDIN TREATED 
AND UNTREATED RABBITS 
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Tissue Control Treated Significance 
Liver 
Lung 
Muscle 
Spleen 
Stomach 
Esophagus 
Heart 
Kidney 
Intestine 
Bladder 
(gm H20/gm tissue) 
.6901 ± .0328 
.7513 ± .0177 
.6921 ± .0301 
.7503 ± .0115 
. 7878 ± .0096 
. 6856 ± .0520 
. 7753 ± .0098 
. 7532 ± • 0156 
.7475 ± .0239 
• 8108 ± .0255 
.7192 ± .0054 
.7590 ± .0071 
. 7136 ± .0127 
• 7470 ± .0090 
.8026 ± .0066 
.7202 + .0259 
.7530 ± .0068 
.7996 ± .0081 
. 7760 ± . 0271 
.7676 ± .0462 
n.s. 
n.s • 
n.s • 
n.s • 
n.s • 
n.s • 
n.s • 
n.s • 
n.s • 
n.s. 
--For control group n = 6 whereas n = 5 for cantharidin 
treated rabbits. 
--Significance established by the Student's "t" test as 
described in methods section. "n.s." indicates no 
statistical significance. 
--Values reported indicate mean plus or minus one standard 
error. 
-~Treated rabbits received 20 mg/kg cantharidin. 
--Water content reported on a wet weight basis. 
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animal held off feed, so the stomachs were generally full 
of ingesta. Often large patches of gastric mucosa were 
readily pealed from tissue. 
Lesions in the upper iritestines were very similar to 
those observed in the stomach. Intestinal lesions were a 
frequent finding. The lesions consisted of the same red 
to purple discoloration along with increased fluid in some 
cases. Intestinal lesions were confined to the duodenum 
and jejunum. Sections of intestine posterior to this area 
were normal on gross examination. 
The urinary tracts of many treated animals exhibited 
evidence of damage to some degree. Kidneys were for the 
most part normal in size and shape. However, some were 
petechiated in the outer cortex. The bladders of these 
rabbits ranged from normal to having focal areas of hem-
orrhage scattered through the mucosal lining. No lesions 
were observed grossly in the ureters and the urethras were 
not examined. 
Little chan~e was observed in the heart or lungs. 
The lun~s in some cases appeared wet and edematous, but 
as noted earlier no increase in content was observed. 
Liver, adrenals, muscle, esophagus and spleen appeared 
normal. 
Tissues fixed in formalin were imbedded in parafin, 
sectioned and stained. For the purpose of this study 
tissues from the kidney, stomach, intestine, ureter an~ 
urinary bladder were examined for evidence of histologic 
alterations. Nine cantharidin treated animals and four 
control animals were picked at random for study. The 
dosage of cantharidin administered to these rabbits 
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ranged from five mg/kg to 25 mg/kg. Lesions were observed 
in all dosage groups and severity did not appear to be 
dose related. 
Microscopic lesions were similar in nature in all 
five tissue types examined. The most frequent observation 
was sloughing of epithelial surfaces and capillary conges-
tion. This was especially true of the stomach, intestin-
es, bladder and ureters. Gastric mucosa often had a loss 
of both epithelial cells and gastric glands. In some of 
the worst cases, areas of extensive hemorrhage were ob-
served. There was evidence of some inflanunatory cells in 
several tissue sections. 
Intestinal sections were similar to the stomach in 
type and severity of lesions. Depending on the individual 
rabbit involved, intestinal lesions ranged from a loss of 
a few epithelial cells to sloughing of villous tips to 
necrosis of most of the villi. Other changes included an 
increase in cellularity, capillary congestion, edema of 
the lamina propria and, in one case, numerous areas of 
hemorrhage. Eosinphils were observed in lamina propria of 
some sections. 
The bladder and ureters exhibited similar lesions, 
those primarily being loss or disruption of the transi-
tional epithelium and, in some instances~ capillary con-
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gestion or hemorrhage. The kidney sections ranged from 
near normal to sections with marked tubular disruption. 
In the most severely affected animals, renal tubules were 
grossly distorted due to epithelial cell death and/or 
destruction. In these same individuals, Bowman's space 
appeared to be significantly enlarged and the glomeruli 
congested. In less severely involved individuals, glomer-
uli appeared normal and tubular cells merely swollen. 
Proteinic material was present in tubular lumens and in 
the area of Bowman's space. 
Two abnormalities not related to the cantharidin were 
found. In one control animal a relatively recent infarct 
was observed. This may have been the result of emboli 
generated in response to the left ventricular catheter. 
The other lesion involved a cantharidin treated animal. 
This rabbit's kidneys had evidence of chronic renal 
disease including stromal fibrosis and dialated tubules. 
Physlograph Data 
Measurements of heart rate and electrocardiogram 
tracings were obtained from six cantharidin treated 
animals in three different dosage groups. An increase in 
heart rate by 60 beats per minute was observed in all six 
rabbits. The onset of this tachycardia:was closely relat-
ed to the onset of respiratory changes. 
Similar changes in electrocardiogram tracings were 
\ 
observed regardless of the dose of cantharidin administer-
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ed. Common findings in all dosage groups were a gradual 
increase in height of the T wave and ventricular fibril-
lation immediately prior to death. Two of the five to 10 
mr,.k~ group rabbits did not fibrillate. These animals, 
however, were euthanized. Rabbits in the 25 mg/kg and 
five to 10 mg/kg groups all exhibited a gradual decline in 
the hei~ht of the R wave. One rabbit in the five to 10 
m~/k~ ~roup also developed a notched R wave. 
Left ventricular pressures were available from so few 
rabbits on a consecutive basis that no conclusions could 
be drawn from the data. Thus the data will be omitted 
from this section. 
Acid-Base Study 
Six rabbits were utilized in this section of the 
study. Anaerobic arterial samples were taken from ~hese 
rabbits durine a pre-treatment control period and then 
again at 30-minute intervals. Post treatment (20 mg/kg) 
analysis demonstrated a marked alteration in blood gas 
composition (Figure 8). Although not all values were 
statistically significant, the drop in blood pH from a 
control normal of 7.44 to a low of 7.10 after treatment 
must be significant in terms of change in rate of cellular 
reactions and effect on the organism. 
Arterial blood samples obtained from these six rab-
bits were analyzed for Pea and the bicarbonate calcula-
2 
ted. By 90 minutes post treatment, a statistically sig-
c 30 60 90 120 150 180 
7 .115 
pH 
7 .30 
7.15 
c 30 60 90 120 150 180 
MINUTES 
Figure 8. Time Related Changes in Arterial Blood pH, 
Pco and Hco-3 • All ··rabbits (n=6) 2 
treated with cantharidin at 20 mg/kg level. 
One asterisk (*) indicates significance at 
P=0.05 whereas two asterisks (**) indic~te 
significance at P=0.01. 
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nificant decline in blood bicarbonate level was observed. 
Five of these rabbits also exhibited a significant decline 
in arterial Pea . The only animal not demonstrating a 
2 
lowered Pea was under barbiturate anesthesia during the 
. 2 
last two-thirds of the experiment. Since this animal was 
not treated in the same manner, the data obtained from it 
was deleted from the results. 
CHAPTER V 
DISCUSSION 
Few studies have been made on the effects of purified 
cantharidin in animals. Although several cases of human 
poisonings with cantharidin in the form of Spanish Fly 
have been documented, animal poisonings have been limited 
to clinical cases and one experimental study. In these 
situations blister beetles were involved and cantharidin 
contained within them assumed to be the toxic principal. 
Results from this study tend to substantiate this assump-
tion. 
Reports of cantharidin poisonings in humans, whether 
due to the ingestion of blister beetles or a purified form 
of the drug, generally included very similar clinical 
signs. Commonly hemoconcentration, gastric hemorrhage and 
erosion, increased respiratory rates, convulsions and coma 
developed (Oaks, 1960; Wertelecki et al., 1967). 
Clinical signs observed in cantharidin treated rabbits 
correspond to the human case reports and those reported by 
Schoeb and Panciera (1978) in their retrospective and ex-
perimental studies. Cases documented by Moore (1963) and 
Lee (1968) reported coma, depression, cyanosis and rapid 
\ 
respirations. Although reported in these investigations, 
44 
lncre1rned rncln~d cell volumN3 were not observed in this 
study. 
The small change in packed cell volume observed in 
this study could have been an accurate assessment of the 
situation and the trend toward hemoconcentration real in 
spite of the lack of statistical significance. In this 
study the course of clinical illness was much shorter than 
·that of naturally occurring cases in the equine. Thus the 
<la.ta presented here may have been a reflection of the nor-
mal clinical picture in an acute crisis. Had the situa-
tion progressed to. a chronic stage, the packed cell vol-
umes might have continued increasing as the animal had 
more time to sequester fluids and hemoconcentrate. 
Althou~h a trend could have been developing, it is 
also possible that other factors could have caused a 
maskin~ of the true picture. The primary factor involved 
here is one introduced experimentally in flushing the 
carotid catheter post samplin~. Also flushing the cath-
eter in an attempt to remove clotted blood occurred in 
several animals in these ~roups. 
It is unlikely that enough fluid was administered via 
the catheter to significantly alter the packed cell vol-
ume. Approximately three milliliters of five per cent 
dextrose was used to flush the catheter following each 30-
minute sampling. Durin~ the average four-hour period, 
approximately 24 milliliters of fluid was administered to 
each animal. Assuming a total body water content equal to 
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o.6 body weight the water content of the average experi-
mental rabbit would be 1.8 liters. The amount of fluid 
administered was approximately one per cent of the normal 
content. This should not have had any significant effect 
upon the packed cell volume due to the small amount admin-
istered, the rapid equilibration of fluids between body 
compartments and the speedy elimination of excess fluids 
by the kidneys (Pitts~ 1974). 
Although hypocalcemia was reported in several equine 
blister beetle poisonings (Schoeb, 1977; Moore, 1963). 
it was not observed in this study. Hypocalcemia has also 
been observed in human poisonings. In the Oaks case, 
plasma potassium, calcium and sodium levels were abnormal 
and required fluid therapy. 
The absence of hypocalcemia in this study may again 
be related to the difference in duration of the disease. 
Prolonged cases in the equine allow time for a great num-
ber of physiologic changes to occur. Anorexia, intestinal 
damage leading to decreased absorption ability, renal 
damage and possibly calcium regulating hormones may all 
play a part in the hypocalcemia syndrome associated with 
cantharidin poisoned horses. In this study the duration 
of the disease was very short and probably did not allow 
sufficient t~me for hypocalcemia to occur. 
However, one might expect to have seen plasma potas-
sium values i~crease slightly if the animals were acid-
otic. In such cases intracellular potassium exchanges for 
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ext .race l lu lar· I 1ydrop;cn. 'l1he kidneys p;enerally excrete 
excer.1:1 quant.ttlc:• or pota::rnium but with renal shutdown due 
to lowered blood pressure or renal disease, the potassium 
values could rise to a dangerous levei in the plasma . 
. 
Clinical signs presented previously along with acid-base 
studies indicate acidosis occurs in cantharidin treated 
animals. 
The calcium content of various tissues in'cantharidin 
poisoned animals has not been reported prior·to this acute 
study. Of the 10 tissue areas sampled the kidney, heart~ 
intestine, bladder and stomach we~e the only ones to ex-
hibit any alteration in calcium content. Since these tis-
sues a:r;e the ones in which gross and microscopic damages 
are frequently observed, both in·this study and documented 
cantharidin cases, one might conclude that tissue damage , 
and calcium content are related. 
It should be noted that the changes in calcium con-
tent are not consistant in direttion of change between the 
various dosa~e ~roups. Tissues from rabbits in the 20 mg/ 
kg dosa~c ~roup were consistently lower in calcium content 
than those from rabbits in other groups. A period of 
approximately one year separated the study involving the 
acute protocol and the acid-base study. During this time 
several changes in personnel and in brand of laboratory 
chow were made. Different handling of this particular 
group of rabbits, such as altered calcium content ~n ~he 
feed at the laboratory or in the supplier's ration could 
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account for the difference. 
Changes in calcium content of tissues from rabbits in 
other dosage groups may not be accurate reflections of the 
clinical picture. The small number of rabbits involved in 
these dosage groups_ are not sufficient to draw accurate 
conclusions. 
Many of the cases in the literature documented as 
cantharidiasis had evidence of gross and microscopic 
lesions similar to those observed in this acute study. 
Lee (1968) reported reddened gastric mucosa, fluid filled 
small bowel, and hemorrhagic ureters and urinary bladder. 
Renal biopsies performed on two people known to have inges-
ted cantharidin were very similar histologically to the 
damage observed in this study (Oaks et al., 1960). The 
damage reported by Oaks (1960) included swelling of tub-
ular epithelium, degeneration, sloughing of epithelial 
cells and congestion of the glomeruli. An amorphous eo-
sinophilic material similar to that seen in some of the 
rabbit sections was described. No evidence of an inflam-
matory response was observed. 
Gastrointestinal lesions observed in these canthar-
idin treated rabbits correspond for the most part to those 
reported by Schoeb and Panciera (1979). Separation of 
r,astric mucosa could have been interpreted as autolytic 
changes rather than damage by cantharidin. However, 
necropsies were performed immediately after death in order 
to keep autolysis to a minimum. Eosinophils observed in 
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the lamina propria of some intestinal sections were prob-
ably the result of the heavy parasitism existing in sever-
al of the animals. 
In general, the gross lesions observed in this study 
tend to support the clinical signs observed in both human 
and animal cases. Gastrointestinal and urinary lesions 
present in these cantharidin treated rabbits certainly 
correspond with the abdominal pain observed in the equine 
(Lee, 1968; Moore, 1963; Schoeb, 1977). Glomerular 
damage would account for the proteinuria reported in both 
human and equine cases. Hematuria can easily be explained 
by the massive destr~ction of transitional cells in the 
ureters and bladder. It should be noted that the effect 
of the propylene glycol and saline vehicle on these tis~ 
sues is not known. Control rabbits should have been given 
the vehicle alone in order to accurately compare the can-
tharidin treated groups with the non-treated group. 
Electrocardiogram alterations were consistant in four 
of the six recorded tracings. The ventricular fibrilla-
tion observed indicates that cardiac irritation has 
occurred and is probably the direct cause of death in 
these cases. The two rabbits that did not fibrillate 
prior to euthanasia may. have in fact fibrillated if allow-
ed to die from the effects of cantharidin. The frequency 
of fibrillation in these rabbits indicates the need for 
further studies. The possibility of using antiarrythmic 
drugs such as Lidocaine as well as cardiac glycosides to 
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increase cardiac output and decrease heart rate should be 
explored. Tt1e increased size of the T wave is indicative 
of acidosis or high potassium concentrations. In this 
study, the presence of acidosis was clearly documented, 
and in view of the absence of hyperkalemia, was most 
likely the cause of this alteration. 
Acid-base studies have not been performed on an ex-
perimental basis. Oaks et al. (1960) did, however, re-
port the presence of metabolic acidosis in one cantharidin 
pqisoned patierit. Although there has been no documenta-
tion of acid-base disturbances in.•equine clinical situa-
tions, the signs reported are indicative of an acidotic 
state. Rapid respirations, abdominal breathing, depre~­
sion and eventual coma all are symptoms of acidosis. 
The drop in arterial pH demonstrated in this study 
explains many of the clinical signs observed in canthar-
idin poisoned animals. Acidosis generally results in a 
depression of the central nervous system and at levels 
near 7.0 can result in coma (Guyton, 1971). Another 
clinical sign related to the development of an acidotic 
state is an increase in rate and depth of respiration. 
These hyperventilating efforts are an attempt to excrete 
excess co 2 , shifting the extracellular pH back into a more 
normal range. The alteration in ventilation is the result 
of the direct action of the hydrogen ions on the respira-
tory center in the medulla oblongata as well as peripheral 
r~ceptors. 
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The PCO values obtained in this study are indicative 
2 
of a partial respiratory compensation of the acidotic 
' ' 
state. They also tend to substantiate the fact the acid-
osis is metabolic rather than respiratory~ Had the Pco 
2 
been elevated one would have suspected a respiratory acid-
osis. 
Metabolic acidosis can result from several mechan-
isms including the formation of metabolic acids in the 
body, intravenous administration of metabolic acids~ oral 
intake of metabolic acids or loss of alkali from body 
fluids (Guyton, 1971). In this situation the acidosis 
most likely resulted from the formation of metabolic acids 
such as lactic acid since no intravenous or oral source 
wa3 provided. The loss of alkali can also be eliminated 
from the list of possible causes since the common ways 
alkali is lost from the body, vomiting and diarrhea, were 
not present in these animals. In severe renal disease 
damage can be severe enough to prevent elimination of 
metabolic acids from the body but this requires a longer 
time period than this study allowed. 
CHAPTER VI 
CONCLUSION 
Although the course of disease in most clinical cases 
of cantharidiasis is of a longer duration, the findings in 
this acute study are very similar to those observed in the 
naturally occurring disease. Most of the differences be-
tween the results in this study and case reports relate to 
the very acute nature of this situation. Therefore, this 
study is probably an accurate reflection of alterations 
one would see in acute cantharid1asis and, as such, con-
stitutes a legitimate model for the acute crisis. 
In spite of data compiled from both experimental 
studies and naturally occurring clinical cases, a defin-
ite method for diagnosing cantharidin poisoning antemortem 
does not exist. Further studies will be required to solve 
this problem and investigate efficacy of possible treat-
ment regimes. At the present time horses exhibiting signs 
of gastrointestinal and urinary tract damage should be 
considered as prime suspects especially when the diet in-
cludes alfalfa hay. Treatment in such cases may be aimed 
at correcting acidosis along with supporting gastrointest-
inal and urinary function. 
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